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MANUFACTURING METHOD THEREOF, AND 
LIQUID CRYSTAL DISPLAY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a copper wiring substrate, capable of 
promoting an insulating characteristic of an upper film 
by enhancing planarity on a wiring surface. 

SOLUTION: The method for manufacturing the copper 
wiring substrate comprises a step for forming a gate 
electrode 3 and a gate wire 19 (copper wire) on the 
substrate, a step for nitriding the surface of the 
copper wiring to form a copper nitride layer 4 by 
exposing the substrate into ammonia gas atmosphere or 
ammonia gas plasma, and a step for forming a gate 
insulating film 5 constituted of a silicon nitride film 
on the surface of the copper nitride film. The nitride 
treatment may be substituted for the reduction process 
or a forming process of a silicon insulating film with a 
small ratio of a silicon atom percentage content on the 
surface of the copper wiring. 
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[19301 1 ) 'pts. < 4 fc*ffi*Jtt»tt-c*4*«±«: 
SW6*ifc«BBi. l*fBgaiS!©-3tffifcsa:we>ftfciS^ 
ft® 4 . ig^fbUcDaffiiC^W y 3 >AUftK 

imrn 2 ] i!>% < t i>mmwmm&v$> *a«±«: 

5 ] 'Ptz < i 6%ffi«i|etKtt?« &S1SXCC 

t . vesstim s n/csiian©*®^ y a >»t&Nug 

©I3is#£„ 

6 ] < 4 *»«ffi**IB»tt-C* i««±(c 
ffliH.«*0)S-r<5)Xfii. firaESSfc^SWX^Xv 30 

©-> y a >m*feJiJl 4 . BSfl©J"j3 >^lfe^^©a 
ffi{cRW6*ifcj|l2©t".; 3>i^»H<b«:«(/. b?IB 
S! 1 ©i/ 'J a >J6lfi»Blf y a >|R^-]t**««IE* 
2 © ■> y a >^*fe#|gcF>©-> y a >MT-tb^«fc 9 4>/Jn$ 40 
(,>Ci*«fl»4t5 

[fil#JS8 ] jftialS 1 ©f y a >S*6^a«. H*© 
->ya>J!T-J:t$*S0. 4 1ftl>00. 4 4r*4J"j 
a >SMfcJ«-e* 5Ci £1$©4 r4M*B 7 iai£©i@ia 

C3H*99] «r8BJPl©^i;3>3filM»iltt. IS*© 
S/ynl/JK^Jt^tfO. 32&l>l/0. 3 4t*ii"J 
a >BWtfltr* iCi £1$Si4 -r S»#3I 7 IB«g©i0ie 

10] < 4 feaBtftttKtt-?*&StiLk 50 
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C V DfiS^SK: «fc OUlOJ/'Ja >JfijeiMejBfi&*- s 
XH 4 . ttS 1 <DU y a >jfc$fciiJffi©atffl(C /7 Xv C 
V D fiBg^CCfc *} Wmm 10i"j3 >3MfiililRjjfcBtl$© 
>> y a >mmHifZ.<D&E.J: 0 JSt>f y a >JfcJ3§8*#* 

sigt * w-r 4 c 4 *^M84 r s^ia^s«©Mi*^ 

MWBH in 4>fe < 4 fe«ffijWto*tt-C*SSftLt 

©^S^rS7ctoa-r-5.Xfi4. BuiajfTC^S^iSL/cS 

-7*7 X7(Clgt C 4 5C J: 0 itfiaa3ffi^©*ffifC^ 
<k*&Bl&r&XB£ . IHRBfUIOffiDCCi/ y a>^ 
*6»«*»flE-r £XH 4 4 «f £ C 4 «&8t 4 1 SlUia 

[IMtgi i 2 ] frie^ y t> y a >g 

{bis. -> y a>^ft)Ks/c«>' y a>«MiaaffcjR©(,>r 

* 1 ii«:ie4S©a3IBi^S«o 
imas. l 3 ] -»©i«^(ci a a B *st«;M3h, 95iB 
-*t©««©^%©-*f©aS3SJB9*flll. 4. 7©l^ 

rti*> i ^(ct e4g©mie^ss-c * 6044*^4^^. 

[0 00 1 ] 

*©S{ii^rs^e.c«cfg B B B ^^gtcML, woe. inie 

[000 2] 

m&vmffi] ism. l s i mvmBt*?'* 

n^fcr^i/S-^A. ^aA3¥©^jS{c^-c. 

Wfls^t x-?>?gSgij^g©9tlfP©^jI'ffc«:#t\ IE 

i&S, r;U5-^A^(cJ:k-<.-c{SffiCx©^)S-c*-5>a©^ 

[0 00 3] -e©jg®. ie^««4 L.r©i@«. ®!{btt 
^SAtt^SSC^ is') a>K4SS4TS4^ya>iSI 

^{C «SsIgB^4m^ b feW ^ fee i/c«). X^ b 

a©i£U!i5*±>pf^»^s{cfes„ ee*©^m© — ?4l 
■c«. a©a® ; &<siicvDffi(c e tsi/y a^mitmv 

tSau. C©f y a >g{tflt£#tt£ieiK M4 tt/ctf 

rtttt < *<ott«/< y rig 4 o -emm § 
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[0004] 

fiSM-r^^w:, p (Cu.s i) a*s#BS* 

b r 5ie«5»fiR 3 ft . S£K<D$ffi<D¥Jlf£#ss < ft 

eoodBif % #<i> <h l> xmm<Dmmft&. c & c t 

>Sft£t©JglJ9£JV < -T -5>;£;>S*^ £ 
X±/ff*b<Sct,\, cnf>©Ci*>6. <fc«5jgC>K/rc 

* r 6 H »& tfiNPfttt* *firc * s ffljft > < y r « ©a 

[000 5 ] ±fB©iSSl?r»^T-5.fc»{Cft 
£ ft /<:<£>©-(?£> or, IBBiaffl©^ffi14«:l6j±3-t*SC 
itcJ: 0 ±JIK©;l&* ! lftt£ft± 8tt4Ci*iT&4i 

[0 0 0 6 3 

[fWH*jK«-rsfc»©#©] ±i2©sift£i&jS;-r&fc 
Ate. ^^©^ 1 ommmmz, 4>& < <t tsi®* 5 

ffiKKtf 6 ftfclBgfbJi £ . Mttf UIO«S KRW 6 ft 

[0007] ±iE#mn<Dm 1 ©se£s«©st£b&& 

CCfct. 2 0©^?£755^X.e>nS 0 -?•©— 4>&<<fc 30 

eticjz k> m&mvmmicfflmitm&tem-r sunt . 

[0008 ] <&©— iJ><c < £ &StB#fj|e,#1£-ea 

<t»*«RS-r4isi. ^^t)i©^Mcc^y=j>^ 
[0009] *&m<Dmz <mmmmmt. 'pu < ± & 

«©«ffi#aS^3ftT&*B5E«fflB±. S7ete9 
»©&fi(CRtt e.ft/cv' 'J 3 >&t&ttA<b £wr S C 4 
?:1fi!tit-S4>©-CA^. 0 

[ 0 0 1 0 3 ±B$8«©S^ ©ffl&R£tit©l££&& 
tC«. 2o©7fS*^xP,ftS. ■€■©— 0«. ^ft<£ 

momm^mTcmmt^xmt, mji&mztitcM%m so 
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emote:/ >r 3 >3fittaw*«fisr5igi 
[001 1 ] ffi©-- 4>&< ti>m.w&mmv& 

* 7* 5 (cai l- r mmmommi MTtmm-r s is 

[0012] #2fe9i©Jjl3 ©^EiglSffitt. < £ 4> 
«fflaM8lttt-c & 3 S«Jb«cR w h ft fcUffiiia £ . mm 
mvskMdc&tt btitcm 1 ©-> y 3 >3M&&j&£ . s 1 
©*> y 3 >^jg^©afficcRw f>ft/cjjr 2 ©-> y 3 > 
m&mmtzm u m 1 ©-> y 3 >^8ygig*©-> y 3 
^are-it**** 2 ©~> y 3 >3Riei»RttJ<os/ y 3 
H*£9fc>hst»c£*i«ft£-ra4>©-c*a. 

[0013] Hufesg 1 <Di/ y 3 >^jg3tig£ or, jg* 

©i/ y 3 >H^ib^5 0 . 4 44©->'j3 

>ai{fcBt. 4> i/ < «k*©^> y 3 >gR4t*# 0.32 

W>LO. 3 4 ©-> y 3>KTbJg«rfflU-5 C i*sg$ L 

[0014] ±K*i6w©m3 <D$mmmiR<o$im.iim 

KStSlSi, «B»©affi{c^vXvcVDJiS«tffi«: 

«fc k> m 1 © ^ y 3 ^jfiKsjuisjgafj- i. mi© 

5> y 3 >^feg®|©«ffi(C XvC V DfigMffi^C «fc (J 

m 1 ©-> y 3 >^je^^2MB$©-> y =» >^j^s**^© 

#KJ: 0Wl^> y 3 >*TO|sf#^©»ErREIR*ff -a r 

* 2 ©-> y 3 >mtmm*&mT zxmt ^w-r sci 

[0015] S/c. *^ODffi©^K«S«©Sii*^ 

tit, ^ < t bmm&tm&.'Cih s*«±«c^e» 
7^ x-7(c@ o -cnias©«ffi^ji7c 

fcifcc «3fria^Be«©affi«css{bJB*^R£-rsx 
at . S^bJl©mffico y 3 >m.l§^)K ; &ff^T?.x 

[0016] fciMim^ ri/'j3>s8SSj 
^f*K(c«. i")zi>mitm. y 3 >K-fbR ->y3 
>iMta{fcj9©i.>-rn*'*jgr. 

[0017] *l%Bfl#e.«. SraWtC. <61«1$tt«r<fi 
T§tir^>MH<t^£i> ^ia^«tS©^@*^fiK1" ^S* 5 
<5i-C**3&»«:IBISrSii<>«:. ?^a*^iiXg+©f 
©B#*-C^fiS3 ft57S>*sa^/c. ^-©UmtSmCto^T 
I^BJ-rS., MJ¥ 1 5 0 n m©^K?T0^LrA^-e-©a 
SfclRJ? 5 0 n m(0-> ') 3 >&im%Bl8i? h $ r©X 

g(cfcc»r. S-xff^TtacaiMo^ffiffl^^S'J^L 
fc. >-y 3>^{b^©fiXM^«, s^'xiott^ 

->5> (S i H,) /T>*-T (N H s ) 
(N,) ^ffilAiSiH./NHyN^QO 



5 

seem/ 6 3 Osccm/ 1 3 5 0 seem, SSrSS#3 0 0 

°a i£t>& 1 5 o p a , mm&mt> < r f > ep»ib5co/m 

[0018] SXg«0*ffiffl3©«fJSffl4Bi 1 3CCtS 
To tGEH»KSSS (nm) T?<fc£ 0 0 

cvDisroifio^ut- h»*r«affifis«i 

5*5, CVD^-r>^-rt*c*X*WA'r*i*fflffllS 
tt6 0nmlKMr**<ftO, tf&o*4>#W|Kc* 

b#cdc v Dxar©#^i*Aacc»Bi©affltis*s*s 

[0019] T>*^T#*&cfcc>*^#;*©^ 

iea*ai 4(t^r 0 «ttt«*^^^>*fxsEs (sec 

m) , *a««3tBffl3 (nm) T'&£ 0 &*J> 5> U ^ > 
SfbIR©fiJU8^frtt. RFEro»Bu©JRI4^X©SSil«Fiai 
*3 0»4Lfc^l3Ubia©*fl=4BI— r**. HI 4 

B#CC V MT-raTO^SSiS^ (Atomic Force Microscope, 
ETF. AFM<hB§l2T^) 4fflCit*>/^7>^Sl 

r^SOaPHRStift:. 3*>cc. co^a^Sl^tfi 
AiiCo, H^yt-f Kt*SCit«BLfc. 
[0 0 2 0] Cft6©WSI6**>6, 

<X> «SMO«B*afl^ffiUriBK^W«:Jgfl8Lfc 

& MMMOXBCct/ y n JBflfT -5^ 

ft, 

© «E«oaB*JH^ffiLr^«MW*»fiSOfc 

ft, 

*J:0t/hS^»lO^y3>*IMi«*»J«b fc *© 

a. j»*<o^y3>JH^Jt*^»i©^y=i>36iB«Bi 

©*tiJ:fJfc*#l*JII2©^y n>S»8I4MTS 
*ft, 

[0021] r<cto%. ±BE©*5<fccf©«»aBcc«© 



(4) 2 0 0 1 - 1 7 6 8 7 8 

6 

BB&mximsti&*'i tcf&moymmmjg-cteis y a 

flSOfcfft, SS2 (Dv- 'j3>«»»I*Mt^I4«, 
5"J 3>IR-T-Jt*3W/h3t^y h 

ccj: orffl^Bfcfc^s^eoa^Jfliftilr^&or, 
[0 0 2 2 ] *^©?Raa^a«. — 3t©S«HICC 

[0 02 3] 

m<om i o«»<we«*ia 1 *#JHiyr»i8-r*. m 1 

B«tt®»|(DT F T7 1/ «6©B«S« (Mffi® 
3«©«iB#ffi) S^TXSKBErt 1 **. 
30 8«TFT7U-/I«©^- hEfll hm@) CCffl 

<DSB04>&C|£l>'C*£o COT F TTU'fiWi^ 
[0 0 2 4] C(DTFT7I/^SSUJ, HIECCtST 

s*vcbo> y-h«a3<DaB«JH*M««ffli3tir 
^y3>aifUii^6ttsy-hiftiiW5 3Wj«3*i. y 

- h*fc^5±CCT j e;l/7 y*->y 3> (a-S i ) *> 

^tfT^frV rZis 1 ) 3> (a - S i : n f ) 3^6tt 
hJ17 a, 7bt^l/t*»*l8 

s. fur, cne>v-xtBS8, ku^>ss9. y 

50 -h^®3^-CtS«;3tl^TFT 1 0tS^<7^- 
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^3>Bl l&Bf&Ztx. FU-f >&&9 ±<D'* v is** 

C©3>*£ F*-;U1 2*jlCT FU-f 
VSffiQifl^WCcatSStli-f^^^AfflMfbJBj (In 
dium Tin Oxide, fclT. I T O iBSIBT £ ) , ^>5/-J 
Ali^lSlSft^ (Indiun Tin Zinc Oxide, J&TF. 1 T 

zo<tis&K-r4) 9<oawtt«sia^e»tt«n9Rs&i 

[0 0 2 5 ] SfcV-*«MHF-«l 4-Ctt. y-*«l 
8±^^v^-^a>IBl HCa>3?^ h*— JH 5 10 

<hmmWCCg^5ti^> I TO, I TZO»flMM!tt»« 

H^sttav-^a^-; fi 6«3ntc^. m 
ate. y- haa^-BBi 7r«, y-h«i9±©y- 

*-jU2 OWSn, 3>£^ F*-;l/2 0£iICT 
y-hil9 4WSWtC««3n5ITO. ITZOf 
(3WM!tt»«i*6a*y- KHF'* »F2 1 JWBiRS 

[0 02 6]X(C, C©TFTTIWS«1 *Si£-rS 20 

2±CCSBIS4j£1BU Cti*^#-->^Ory-h« 

[0 0 2 7 ] C<DS{ttefflCC««T02O<Z>^«:t«& 

[0 0 2 8 ] «r*0*ffi«r»-B»^, y- hm©3fe<fc 
CW- F« 1 9 *JB)SOfc2MB««2 ?:CV D^jSQ* 
t>^*-ft»Al/cE ^t>^-flE»*150P 

a, s«ias*3 0 o°c± u sr, rv^-r (nh 

,) tif (N 2 ) Ol^SNHi/N! = 63 Osccm 
/ 1 3 5 0 sccmflPi&Sr 1 $Hfflgy&0. T >*r-T#X 

mvmmm&r^o 40 

Sis5> (S i H 4 ) i7>^7 (NH,) tWSk (N 

,) (DW&uxtiCtytyWkX. *©a«*s i h./nh, 

/N z = 9 0 seem/ 6 3 0 scan/ 1 3 5 0 scamfc U > 

[0 0 3 0 ] «*0*ffi*SS^ 7- FH&fc<fcO' 
y- hE»*«BSLfcaW»«*CVD*SK©^ + >^ 
-rtCCSIAbfctft. ^t>^flEMl50P a> fi 
«iaa«:3 0 0-Ci U T>^e^T (NH,) <fc3SR 

(N, ) <0fi^#**NH a /N, = 6 3 0sccm/l 3 5 50 
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OsccnKDifefltrett&"rS<fcH«FCC, r fi#2. 1 5W 
/cm 1 (4 0MHz ) ©W«B^*E|JftIt,T^X 

[0 03 1] v;3>SfbJS^5<cSy- Kft»IS5* 
JBJSO/c», 0 1 BCC^rf <fc5Ct\ a-SiSS22, a 
-Si : n* 12 3 4JKKJ&IKU —r>(D7* FvX£> 
»tcn6a-S iK22 t a-S i : n* Jig 2 3 

[0 03 2] ^iC, H 1 CtC^-Tcfe^CC. Officer JU^ 

CCa-S i]R2 2©^ + *rt/SIU:©a -S i : n f JH2 
3«jUta-S i : n* JB2 3*>6^6t-5 v 2 
3>^^M7a, 7 b*JI5SE-r4iife«:, a-Si 
H2 2*i6tt4*3W*tB»R6*^ , rS. 
[0 0 3 3 ] SfcCC, ilDJCSTJ:^, ^ffiCCrC*^ 

HQ U , F U -f 9 £ 3«C jfcfiW %iS%«S 1 3 4 
& 0 ccdk, y l 4Cc*c>Ttt 1 y-x« 

18i<D^'r>^->a>Il V-^i8l 

8£jfc«c«jsW*y--;*»^<* Fi 6**«ffS«c«« 
y- fjhms-^sb i 7 cc*$i>Ttt, y- h« 1 9"±©y- 
-urn 9t'&tc&ti£rz>y-hm=F''<v F2 i^im 

[0 034] 0 1 E iC^-Tcf: ^ CC. ±Wc I T 

*yi»rtty-x*i 8±ccy-^«8^-^ Fl 6*Jgffi 

y- usaa^-SBi 7cc*s^r«y- f^ i 9±ccy 
- HB^* F2 1 **jSS"i-4. ti±oxs*g-c. * 

[003 5] *HSSOJB«OT F TTU^IS 1 <£>Si£ 
«3^6tt*y-h««3*J<fcCXy-HBl9* 

jBssb. ■o«B*moi!ML't:«i<fc«4**iau& 
tt. s^y=i>»b8^6ttsy-h»iiaB5*flE«rs 

^»H»cca«3W«snr«>. «»tH4^ttLr^ 
-5 fc»cc« <t * -/ is ^ > ^^^jKffiKMfr ZCt&tj: 
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[0 0 3 6 ] [»2©H35SflWB»] tTF\ *#6W©»2 
<0»«©T FT7U -T«^(DS?3i75rS^^TXS©TDiIl 

r#>& 0 *ios<o*»©TFTrw^a«©iUS*ffi« 
a. i/y3>afun (?-mmm) ®&/sm<c«e* io 

[0 0 3 7] *Ha©Jg8©TFT7U^SS2 5CDSi 
jft*j*ecfcC*rtt. *r, H2 ACc5VrJ:5tt:. M^S 

a» Ch6y-h«*3, y-h«19*««t«»BI 

©«iii©a7c«a*ffc^ »afficcfi5c«iaH 2 6 20 

[0 0 3 8 ] C(Dil7C^^o^r^. 0 1 <D9m<D& 

(DC V D SSB* JBlr >Ta7c*a 4 5/ y a >»k«ORHB 
[0 0 3 9 ] «r#<D#ffi*«S»^ h«B34s<fc 

o*y- hsa 1 9 *^jssufcawa«2 ^cv d«*d* 30 
+ >^-rtcc»A0fc«, ^t>^-rtE*tioop 

a. »«aafi£3 0 O'CchU (H.) 

£5 0 Oscan©ffi*r«iteU *3R*/*»B»«:S«:3l 

^tt^ciUfc, c©a7ctefflccj:-5ra«S»itlB« 
ffittl, *ffitta5c«taJB2 6i&4, 
[0 040] "J a >»fc»©liEB^frtt» 1 <om 

■r**x**>^>^> (S i H 4 ) i7>*^7 (N 40 
H 3 ) tmm (N.) ©«£*/X«:ttJ98iil, -ecDti^ffi^: 
S i H«/NH 3 /N, = 9 0sccm/6 3 Osccm/1 3 5 

a. wxvtjiss*, ^y3>a{k«<ofiHR«:tf 
[0041] a*©*jst*»s»^, h««3*jj: 

CW- h« 1 9 *««0fcai»K«2 £C V D^gCD^ 

a. St£aS£3 0 0°C<tU *SS#**5 0 OsccriKD 
8H|-C3»IBI«»-r*ii*>CC, 0. 43W/cm 50 
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1 uoMHz) <DMmmmt>*£mux77X-?*& 
r«««B©a7Be«*ff 9. fin. i3i» 

[004 2] *HS6(D?Kffi©»-&fe. STctoSB 26^ 

n^/cfe, > y n >^ tjs h u z v - h n&mm 5 

[0 04 3] [m3<DSU5fi©JgSg] ttT, *«I8©»3 

(ommcoT ft7 u a«<o«a*is *s^-rxs»fnH 
»ite<tciW2fl[)|liS©JB«r«»iB« <y- 

2 oosci^ffffi o -^tt^o m 3 cc*st, > r 

[0044] C<DTFT7U>fIfi2 8tt, H3 ECCtj* 

- btmm&Btiiztix ceo?- wMmitf 

y nvOM^ tb*W«ttS 2»©->y n>aftK^6« 

sssnr^s. h««3ccitft«jttr*T»M2yy 

3 >SMtK 2 9 tt, W©*-/ya>©||[^tl*W0. 4 
1&1>U0. 4 4"C*0. JdiW^y 3>SftJ83 0« 
TJlfflJf y 3 >g{tfll 2 9 <£ 0 fcRcp©^ y 3 >CDM^ 

[0 04 5 ] ^XCC, C0TFT7l/^»g2 8^ig-r 
S#JB«r»WrS. H3A«C*TJ:5«:. iSB^S 

«2±«:»Jil*fiJWly, Cti^^-->^lty-h 
«&3«sJ:Vy- Mill 9*«flET*, ^«c, 
«3*$<fc^y- bmi 9±tdto*H«cy- htfitHR2 

9, 3 0itt*t/y3>a{tat*ar*. _usl/cj: 
^^c, cc"r«2aot/y3>afka**fisrs^ c 

h6«X/^<0iB^tb (#0E> *XA*/cW-CftS**6 % 
1 SCDC V D^IifflOt 2 »C0^ y n >3{U*D/3cK 

[0 046 ] ST. y- h««3*Jj:C/y- hJfi 1 9* 
JBfiS 0fcaW««2 ^ C V D^gO^ * >^<-rtCC«A 
^t>^-rtE**15 0Pa. S«iSS*3 
0Q°C£L. *Szs5^ (S i H 4 ) i7>^7 (N 
H 3 ) <bK9R (N,) <D«^*f**S i HyNH./N, 
= 40 seem/ 1 6 0 sccm/6 0 0^1^1 2 00 sccmCD 
^ + >^-rtE*3^Bfaoi 50PaCC 

->y=i>SffclKOJi5EJH«:?f ^. cntc^O, ISil50n 
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[0 0 4 7 ] XtC* m**?X*P<D*:Si'?>*fA<DftE. 
♦ /N H,/N z = 40 seem/ 1 6 0 scan/ 3 0 0 sccmCC 
J: 0 4>H*C7» y n >©«-?-Jt*^* C>±JB«^ y =3 

< <t fcTJMMS' y >SMtR<o* * u 

? 5>©3K3 «:ISx.titf <fc < . **xeLtttafif2*ttBI» 
(«*.« 1 00-2 0 0nm) jrcWl£RTtttf<fc<,>. 
[0 04 8] fciTOIStt, m 1 . » 2 
£<K«r*S. H3Bte7j*-rJ:5lC, a-Si!2 
2, a-S i : n* R 2 3 *J«:KJ3ER U Cft6£— ft 

Hft«R2 9. 30^Otr^f7> K»2 4 
& 0 #IC, S3CCC^cfc^tC, £SCC:£IiR£jiKRL 
/cm, Ctt*^£-~>yOT KU^>Sfi9, v-x 
m@8:fccJ;c>'V-x,1£l 8*0j3EU 3 6K:^ + *^SB 
±(Da-S i : H2 3«iUta-S i : n* R 

£0 #«C % H3 DtCTjVTcfcSK:* Officer* sr'^-i' a 

£b«ci tor*i«ru cn^-^> 

**rc. *Hifi<DJB!BCDTFTTU-YSffi2 8*$Sflc-T 

[0 04 9] *HJS<D?KS8©TFTTU^Sfi2 8©^ 
jS*ffi« k S^^ftSy- h«ffi3*5<fctfy- h^l 9 
±*c^yn>»UI*JiHi-r*»«: 1 ffiRtcfiSNSttrJ- 
4«RfflJW©8Wr tt* a>7> #X CD#EE£TCf r 1 > 

<tafy-HBB±«c»flrr4s/y3>»b«i. rttfoft 
y-hffiii2 9, 3 o©3»iM#tt*8e*ccJt^risi± 

[0 0 5 0] ftfe K±r«y- K6MW2 9. 3 0£ 

2»©^ya>wfcBir«fl»-*«**tffc*«, c©« 
/£«:ftx.T\ 2B<D^y:n>&ftR£/Bc>r4>j:i\, * 

f^E^^2 0 0 Pa, WfflR*3 0 0'C, *y>^7> 
(SiHJ iffiftftaSK (N,0) i^V)A(He) 
©■^XtS i H 4 /N,0/He= 1 0 scan/5 0 0 
sccm/5 0 0 scanCDfifeffii U ±JSffih> x ) ^ ^MitMO 

[0 0 5 1 ] [»4©38»©»«] KT, ±8B«JS©» 
S8<D TFT7U ^S«*fflC^c«aa7SSSB<D— «*H 



(7) «fB8 2 0 0 1 - 1 7 6 8 7 8 
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H40C^Tcfc9CC. — 2t<DiSBJS&3 1, 3 2***t 
1 #JJBT FTTU^ig, ffi^CDS«3 2 aKttASfi 

<b^orc^ 0 tft71/^is3 1 (om^mm^m^ 
ffiijct^jims3 4tfHtt64Tti>£. 36«:, cnei 

^ffi3 3. ftffl*ffi3 4©£*©±KEfflR3 5. 3 
6*SRW6tl. C ft 612^)13 5, 3 6PJ(CjKSJB3 7 

10 *«RsnA:»aEiaorc»s. ^ir, mmm 
i. 3 2 onwee -en-enig 1 , ?&2<&(I:Mg«3 8. 3 

QaWKW&tl. Sll<0<Bil£«3 8<DMW«ctt'<**^-r 
h4 03W»*)fl-W6hro*. 
[0 0 5 2 ] *HS£<Z)JBS<DfflES^«a4 1 Ct<fcft 
tt, JJBOTFT7 U-f»«*fflO3ftCi«:<t0l6l»^ 

[0 05 3] &*5 % ##6WoafBBH»±BBlUSC[»g« 
tciKS3ftafc<D"C«:&< . *fSWOjKB*iai!iLrttt^ 

*tfss i y n >^t^fiKSu^{t 

30 s/'j3>iFJWWtt, s/y=i>»W, ^y=»>»fc 
^yn>Kfb^{tR<D^*Tftr*or4>J:^o 
[0 054] 

ESJiSCD^ y n >»tR<Dl6l»«Ftt«:Jttt L/c 0 IKSS 
tt©«B«a*WfetT*>r«:*©±cc^y 3>»tR* 

»n«roM*4^©»ii«ra* i o o#iiyfc*>©*fie* 
m i w>^u, r Far»«r<Dii3i4#x<D««WF[ffl* 3 

)l±Ltc 0 ffli2iK<DR/S«l 0 Onm, '2^y3> 

^ffcR(0R/S«5 0 n m. »Be^*->» 1 mmx 1 . 
2mm(0»^->aiMai/cn , ^>^ffl 

[0055] ±iB4@®cD-^>^^n-enccfc^r, 
mmffift<Di offlsfrAFM*ffli^r«ffi«as*aiffiu 

50 /Co *©fi**B5(c*t. H5<DtKNttfiBffl3 <n 
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m) V&Z> 0 St*W 1 r»*M3^6 0 n mIKi* 
3 0-4 0 nmHg-C£>«3, tf6o* 4>££#W] 1 

nmgffiK:«*I>U «6o#|JS^i7j:<«cS 0 CCD 
i 5 »E»»ffiCcSf fc^*^^*itr C t CC 

[0 0 5 6 ] :fc*c, ±lE4asoif>yjuccfet^r, i/ 10 
y :3>Sfb®©JgJlS:5 0 nm, lOOnm, 2 0 0 n 

SSffi^tD 1 6 (Bffirv y n >B^Ui©l6llkWffi*ai3e 

ib0i¥ ( n m ) , 8S#tt 1 6 MJEtf-f > h *r*ftWBBE 
#2MV/cm«T©#-f>h(Djfc 
Lte^-SjWatWl^ aft#S£3fe«2> EHft#HJ6WI 
1, =ftWjB»«2«r*ti*tia%Urt»*. S'JS^"2- 
TSPOii^S 1 mmx 1 . 2 mm^ y rj >^fb 
irEf ^±31i 1 mm x 1 mm^ff^L/c^ 20 

[0 0 5 7 ] y 3>WfcIJ»# 2 0 0 n m <t/fl>B#tt 
4<01f > >0U fclMSWEtf 2 M V/ c m WTO # ^ > 

1 0 0 nm&caSKft££, 1 * s 8 sJW > K fit* 

tfcici > ht&ofc. 3 6«cs/y=i>»kiww« 

5 0nm«C»<45i. 6tf-Y>h (jMJg 

*Wi, 2*cJ:t^rlft«ii»II^ffii±Lrc^. ccdJ:^ 
Mc fair ^^ci -a fc 0 

[0 05 8] 06OSI£f-$fC*5^t, 5/ya>»k 
1 0 0 n mO«0>tBIWfiEOMSao^««^L 
/cCO^h 7^B10r*S„ a 7 0*JE*W 1 , S8« 

mm (MV/cm) , im\*&t6MffiEJm<Di$4>h 40 
©St t?*i. IMWEE#2MV/cmJiaT©#^>h 
»*H6Cc5*Lfc«0-C*a*s. ftiHE^2MV/c 

1. H8<DSe*«2tCtb^r. USSWl, ^IS£#I2<D*§ 

[0059] [-> y 3 >E&+itm<D'b£ y =>>xi& 

MW*ffl^*S»*]^«:. «E«©iB±«:s/y=i>ls^ 
WeWjROfcjfrSSK: J: 0 »€>ft4^ y 3 >^{fc§l<D*£ 50 
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T©*Wtb**9EA3feTIB«l/y :?>S{UK:tiUHU 
Ofc 0 ftfc. fflBBUDIBJStt 1 0 0 n nu TJBflPJ^U=> 

ymitmoimmte 5 0 n m , ±jbwj^> y ^ >af tioi 

[006 0 1 11 1 WTHfflJ^ »; rOSfbB*©^ y 3 

4. Si i©»*ii/y3>ftfltb* (it) , 

6 SJS# > h 4»©*fi»WEE# 4MV/c mfeTF©* -f 
>KD»* r&<E> 0 ME^jr->irF«B©*««*^y 

>*JHt>fc. 

[0 06 1 ]5/'j3>S»tt*4iO. 4 1*j)l©J/»j3 

Jt^#0. 4ia±Oi/ , ;3>l{fclB(jr) ; 5%, 0. 4 1 
-0 . 4 4#ifi*T©^ y n>$Wtfc*-Ctt3»3»iBJE^ 
4MV/cmHTO*-f>htt«cW *>yn>^ftb 
*f&*0. 4 5 iE#BE^4MV/c mWTWJ 

E*»«r 4fc»cc«TiBffj^ y 3>wuio^ y 3> 

[0062] note. > y 3>wu«otft*i*ttK:oti 

TJB«fj^y3>HffcK*«BiL. s«®p^o 1 6 mm -c 
s/y3>W0R©iftt»Wffi*aisi/fc. iraias© 

JgJlS* 1 0 0 n m, TJUPJJ^ U ^ >MYfcK©IB/»«5 0 
n m. ±®fflij^> y n >^t|gCD)gJ?« 1 5 0 n m, «>JS 

^"*->«T»o«««*^y3>g^i«riw»u k ± 
[0 06 31^12 teTUffl'lv' y ^ >i§ftM4 :l (Z)>' y a 

>iBH^*r Jt* 4 tfitkWEE 4 (DWmZ^T 2~c$> 

mi 2 0i»i^'j3>^t» (tb) , 8Sf4«l 
6 9\m# 4 > h *CDtft»WH*« 4MV/cm «T<D* W 

3>affc«r|ft»L/. ±SU{C^««ffi*»flEL/cMIM 

[0 064] t/'j3 ^^Wib** 5 0 . 32 *88©^ »J n 

tb*#0. 3 2«±©->y=2>2fbJB©^^. 0. 3 2 

-o . 3 4 *t?©-> y n >$wtb¥r'«ttJ»i»a^4 m 

0. 3 4 5CC&44tt«»E3»J4MV/cmKT©«!JS 
**S2#-f>h3Sn4. C©*»3^6. ^c^Qc«6tSiHS 
*Si»r4/c*Cc«TJlWJ^y 3>K^blB©'>y 
Wtb^W. 0. 3 2 3&OUO. 3 4***fiar*4i»it 

4o 



(9) 

15 

[0065] = 

[*89I©«&*] «±. f»ffl«csfti8LfcJ:5Cc. #&9!Cc 
icffim&Wt£teiizmm<D&£.&nffl-ezz(DX\ -en 

[02] 2 <D$m<Dffl&~e*> JTFT7U 10 

[03] #3felB©&3©^©j&$g-C*>£TFTTU 
[04] ±ETFTrWS£*m>fcttMt*&H 

[05] mtwi . fie*W2. njg^i . sosm© 

[06] ±iB4as©-f->^'-'i'-€-n^n«c*jur, ^ 
=j >ftfbBW*«itfcai^©iftiiWE*7S-r y 5 7? 20 

[07] n. ^mi(Dimms.<o^im-r^y 

[08] m. !ae*«2©ie»»ff©»ffi*^-r^7* 



[0i ] 




^200 1 - 1 76 87 8 
16 

[09] n. 9astmi<omemEBDms^nitif9y 
[010] m. se6«2©ift»»ffi©»fli*7S-ry5 
[011] TJiro^ y 3 >gft^ctJ©-> 'j ^ >kw-s 
[012] thaw > y 3 >m fbis*©^ >j 3 >m-?-£ 

[013] 86*©«ji*tt{c*fl»-C. o-c 

*»6-e©as«c-> y 3 >m.im*Bi&-$- z & r-cistc 

fcW •S.#Ili«©^ffiffl 3 ©^f k?T7F-r i/77T*5. 

[014] *^>7>*'XSli»SW13i© 

[W^©s^hj] 

1. 2 5, 2 8 TFTTU^ig (fiBMSfi) 

3 y-h*«<«BK) 

4 ffiSftJI 

5 y- h m^m ( ><j=> >&mmm ) 
1 9 y- h« (fiEi) 

2 6 muMmm 

2 9 mfflijy- 1- mmm m 1 ©-> y 

3 0 ±nfflijy- h t&ttit <» 2©i/';a >?mmm) 

4 1 ffie«^i@B 
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